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Hydrogen ™

TIMELINE
Ohsawa et al.,
published “Hydrogen
Lavoisier, modern father One of the very first acts as a therapeutic
of chemistry, used coined publications linking antioxidant by
the French word hydrogen and selectively reducing
"hydrogene" to describe medicine cytotoxic oxygen
hydrogen gas radicals” in Nature
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EDITORIAL ARTICLES.

//4
SENN ON THE DIAGNOSIS OF GASTRO-INTESTINAL PERFORATION
BY THE RECTAL INSUFFLATION OF HYDROGEN GAS.

The fertile mind of Professor Senn is notable for the originality of
its conceptivns. Our readers have been favored during the last half
year with an account of his remarkable work in the treatment of intes-
tinal obstruction, as presented to the Ninth International Medical
Congress a year ago. Dr. Senn has not been satisfied to rest content
with the laurels won by his previous labors in abdominal surgery, but
has continued his vivisection experiments into the diagnosis of intes-
tinal perforation.!

The fact that intestinal perforation can be treated by suture with
success is now fully established. And it may also be considered as
demonstrated that a traumatic perforation of any portion of the gas-
tro-intestinal canal is inevitably fatal unless it be treated by suture.

The fact that a small number of cases are on record in which un-
doubted perforation of the gut recovered without other than expec-
tant treatment can not be regarded as militating against the truth of
this general rule, since they form so small a portion of the total that
they may be ignored in the consideration of the subject.

In opposition to this condition may be placed simple perforating
wounds of the abdominal parietes without lesion of the viscera, a con-
dition amenable to simple closure of the external wound and compar-
atively innocuous.

But the great difficulty that presents itself to the surgeon in the ab-

1Rectal Insufflation of Hydrogen Gas an Infallible Test in the Diagnosis of Vis-
ceral Injury of the Gastrc-l inal Canal in P ing Wounds of the Ab-
domen. By N. Senn, M. D., Ph. D. (Milwaukee, Wis.)— Journal of the Ameri-
can Medical Association, June 23 and 3o, 1888.
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ORIGINAL ARTICLE

Production and Excretion of Hydrogen Gas in Man

Michael D. Levitt, M.D.

N Engl J Med 1969; 281:122-127 | July 17, 1969 | DOI: 10.1056/NEJM196907172810303

Abstract

Technics employing intestinal infusions of gas were used to study H,
production in the human intestine. The volume of H, in the bowel of
10 normal subjects varied from 0.06 to 29 ml. H, production, which
averaged 0.24 ml per minute in the fasting state, sharply increased
after intestinal instillation of lactose to a mean peak rate of 1.6 ml per
minute. Ingestion of food also increased H; production by seven-fold
to 30-fold. In the normal intestine, more than 99 per cent of Hy
production was colonic, but small-bowel production was increased in
a patient with excessive numbers of small-bowel bacteria. H,
production in man is primarily dependent upon the delivery of
ingested, fermentable substrates to an abundant intestinal flora that
normally is present only in the colon.

A mean of 14 per cent of the total H, production was excreted by the
lungs, and rates of breath H, excretion and H, production correlated
well (r = 0.94). Respiratory H, excretion can therefore be used as an
indicator of intestinal H, production.
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REPORTS

Hyperbaric hydrogen therapy: a possible
treatment for cancer

M Dole, FR Wilson, WP Fife

Science 10 Oct 1975:
Vol. 190, Issue 4210, pp. 152-154
DOI: 10.1126/science.1166304

Article Info & Metrics elLetters PDF

Abstract

Hairless albino mice with squamous cell carcinoma were exposed to a mixture
of 2.5 percent oxygen and 97.5 percent hydrogen at a total pressure of 8
atmospheres for periods up to 2 weeks in order to see if a free radical decay
catalyzer, such as hydrogen, would cause a regression of the skin tumors.
Marked aggression of the tumors was found, leading to the possibility that
hyperbaric hydrogen therapy might also prove to be of significance in the
treatment of other types of cancer.

M Dole
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US National Library of Medicine

National Institutes of Health Advanced

Abstract ~ Send to: ~

C R Acad Sci lIl. 2001 Aug;324(8):719-24.

Anti-inflammatory properties of molecular hydrogen: investigation on parasite-induced liver inflammation.
Gharib B1, Hanna S, Abdallahi OM, Lepidi H, Gardette B, De Reggi M.

+ Author information

Abstract

Molecular hydrogen reacts with the hydroxyl radical, a highly cytotoxic species produced in inflamed tissues. It has been suggested therefore to use
gaseous hydrogen in a new anti-inflammatory strategy. We tested this idea, with the aid of the equipment and skills of COMEX SA in Marseille, a
group who experiments with oxygen-hydrogen breathing mixtures for professional deep-sea diving. The model used was schistosomiasis-
associated chronic liver inflammation. Infected animals stayed 2 weeks in an hyperbaric chamber in a normal atmosphere supplemented with 0.7
MPa hydrogen. The treatment had significant protective effects towards liver injury, namely decreased fibrosis, improvement of hemodynamics,
increased NOSII activity, increased antioxidant enzyme activity, decreased lipid peroxide levels and decreased circulating TNF-alpha levels. Under
the same conditions, helium exerted also some protective effects, indicating that hydroxyl radical scavenging is not the only protective mechanism.
These findings indicate that the proposed anti-inflammatory strategy deserves further attention.

PMID: 11510417 [PubMed - indexed for MEDLINE]
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Hydrogen acts as a therapeutic antioxidant by
selectively reducing cytotoxic oxygen radicals

%1975 Dole

Hyperbaric hydrogen therapy
: A possible treatment for cancer

%2001 Gharib B

Anti-inflammatory properties of molecular hydrogen
: Investigation on parasite induced liver inflammation
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Article

Nature Medicine 13, 688-694 (1 June 2007) | d0i:10.1038/nm1577

Hydrogen acts as a therapeutic antioxidant by selectively reducing
cytotoxic oxygen radicals

Ikuroh Ohsawa , Masahiro Ishikawa , Kumiko Takahashi , Megumi Watanabe , Kiyomi Nishimaki , Kumi
Yamagata , Ken-ichiro Katsura , Yasuo Katayama , Sadamitsu Asoh & Shigeo Ohta

Acute oxidative stress induced by ischemia-reperfusion or infl ion ¢ serious d to
tissues, and persistent oxidative stress is accepted as one of the causes of many common diseases
including cancer. We show here that hydrogen (H2) has potential as an antioxidant in preventive
and therapeutic applications. We induced acute oxidative stress in cultured cells by three
independent methods. H2 selectively reduced the hydroxyl radical, the most cytotoxic of reactive
oxygen species (ROS), and effectively protected cells; however, H2 did not react with other ROS,
which possess physiological roles. We used an acute rat model in which oxidative stress damage
was induced in the brain by focal ischemia and reperfusion. The inhalation of H2 gas markedly
suppressed brain injury by buffering the effects of oxidative stress. Thus H2 can be used as an
effective antioxidant therapy; owing to its ability to rapidly diffuse across membranes, it can reach
and react with cytotoxic ROS and thus protect against oxidative damage.
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Mol Cell Biochem. 2013 Jan;373(1-2):1-9. doi: 10.1007/s11010-012-1450-4. Epub 2012 Dec 1.

Treatment with hydrogen molecule alleviates TNFa-induced cell injury in osteoblast.
Cai WW', Zhang MH, Yu YS, Cai JH.

=) Author information

1The Centre of Drug Safeguard, Chinese People's Liberation Army General Hospital, Beijing, People's Republic of China.

Abstract

Tumor necrosis factor-alpha (TNFa) plays a crucial role in inflammatory diseases such as rheumatoid arthritis and postmenopausal
osteoporosis. Recently, it has been demonstrated that hydrogen gas, known as a novel antioxidant, can exert therapeutic anti-
inflammatory effect in many diseases. In this study, we investigated the effect of treatment with hydrogen molecule (H(2)) on TNFa-
induced cell injury in osteoblast. The osteoblasts isolated from neonatal rat calvariae were cultured. It was found that TNFa suppressed
cell viability, induced cell apoptosis, suppressed Runx2 mRNA expression, and inhibited alkaline phosphatase activity, which was reversed
by co-incubation with H(2). Incubation with TNFa-enhanced intracellular reactive oxygen species (ROS) formation and malondialdehyde
production increased NADPH oxidase activity, impaired mitochondrial function marked by increased mitochondrial ROS formation and
decreased mitochondrial membrane potential and ATP synthesis, and suppressed activities of antioxidant enzymes including SOD and
catalase, which were restored by co-incubation with H(2). Treatment with H(2) inhibited TNFa-induced activation of NFKB pathway. In
addition, treatment with H(2) inhibited TNFa-induced nitric oxide (NO) formation through inhibiting iNOS activity. Treatment with H(2)
inhibited TNFa-induced IL-6 and ICAM-1 mRNA expression. In conclusion, treatment with H(2) alleviates TNFa-induced cell injury in
osteoblast through abating oxidative stress, preserving mitochondrial function, suppressing inflammation, and enhancing NO
bioavailability.

PMID: 23212446 [PubMed - indexed for MEDLINE]
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Circulation. 2014 Dec 9;130(24):2173-80. doi: 10.1161/CIRCULATIONAHA.114.011848. Epub 2014 Nov 3.

Hydrogen inhalation during normoxic resuscitation improves neurological outcome in a rat model of
cardiac arrest independently of targeted temperature management.

# Author information

Abstract

BACKGROUND: We have previously shown that hydrogen (H2) inhalation, begun at the start of hyperoxic cardiopulmonary
resuscitation, significantly improves brain and cardiac function in a rat model of cardiac arrest. Here, we examine the effectiveness of
this therapeutic approach when H2 inhalation is begun on the return of spontaneous circulation (ROSC) under normoxic conditions,
either alone or in combination with targeted temperature management (TTM).

METHODS AND RESULTS: Rats were subjected to 6 minutes of ventricular fibrillation cardiac arrest followed by cardiopulmonary
resuscitation. Five minutes after achieving ROSC, post-cardiac arrest rats were randomized into 4 groups: mechanically ventilated with
26% 02 and normothermia (control); mechanically ventilated with 26% 02, 1.3% H2, and normothermia (H2); mechanically ventilated
with 26% O2 and TTM (TTM); and mechanically ventilated with 26% 02, 1.3% H2, and TTM (TTM+H2). Animal survival rate at 7 days
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after ROSC was 38.4% in the control group, 71.4% in the H2 and TTM groups, and 85.7% in the TTM+H2 group. Combined therapy of = b) = c)% » e

TTM and H2 inhalation was superior to TTM alone in terms of neurological deficit scores at 24, 48, and 72 hours after ROSC, and motor ' t ¢t E 1 §

activity at 7 days after ROSC. Neuronal degeneration and microglial activation in a vulnerable brain region was suppressed by both TTM § b I W

alone and H2 inhalation alone, with the combined therapy of TTM and H2 inhalation being most effective. 3 : - I l l
- T L N ™™ Tew

CONCLUSIONS: H2 inhalation was beneficial when begun after ROSC, even when delivered in the absence of hyperoxia. Combined
TTM and H2 inhalation was more effective than TTM alone.

© 2014 American Heart Association, Inc.

TENE/FRAEEEDE T Z |
- FRIE AR OE/ RIE RGN ZBRICIET

KFRAIZKY
- R HIRRIRSE (LR
BB/ KINEEZTIOS ) 7 E TG



2015: B M a2 XSGR IRE

Int J Clin Exp Med. 2015 May 15;8(5):7620-6. eCollection 2015. A
Three hydrogen-rich solutions protect against intestinal injury in uncontrolled hemorrhagic shock.

+ Author information

Abstract
Intestinal tissue got largely decreased blood supply in uncontrolled hemorrhagic shock, because of limited blood mainly supporting brain,
heart, kidney etc. This makes intestine as the primary injury target after uncontrolled hemorrhagic shock. However, limited studies focus on

MDA (nmol/mgprot)

R I

how to protect intestine against hemorrhagic shock. Ringer's solution, pentoxifylline and hypertonic saline are widely used to resuscitate in &
haemorrhagic shock and sepsis tissue injury. Evidence showed that hydrogen inhibited inflammation and reduced oxidative damage. Here we
tested the hypothesis whether hydrogen rich Ringer's, pentoxifyline and hypertonic saline solutions increase the benefit in protecting small
intestine from injury in uncontrolled hemorrhagic shock rat model. We tested the anti-inflammation effect of H-Ringer's, HHES and HHSH
administration. We found hydrogen-rich solutions treatment groups showed the decreased MDA, MPO, IL-6 and TNF-a levels, and increased
SOD, IL-10 comparing with those of non-hydrogen solutions administration groups. Our histological results showed that these three solutions
with saturation hydrogen alleviatived the intestinal injury including the intact intestinal villi and less neutrephil infiltration. Our results indicate
that these three hydrogen-rich solutions can protect intestinal injure after uncontrolled hemorrhagic shock. The protective effect might be
through inhibiting proinflammatory factors, promoting anti-inflammatory cytokines and reducing inflammatory cells infiltration. Our study has
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Sci Rep. 2016 Jul 29;6:30793. doi: 10.1038/srep30793.

Oxidation and interaction of DJ-1 with 20S proteasome in the erythrocytes of early stage Parkinson's disease
patients.

Saito Y1 ’2, Akazawa-Ogawa Y2, Matsumura A3, Saigoh K4, Iltoh 85, Sutou K1, Kobayashi M1, Mita Y1, Shichiri M2, Hisahara S3, Hara Y6,
Fujimura H7, Takamatsu Hs, Hagihara Y2, Yoshida Y2, Hamakubo T8, Kusunoki S4, Shimohama 83, Noguchi N1.

+ Author information

Abstract

Parkinson's di (PD) is a progressive, age-related, neurodegenerative disorder, and oxidative stress is an important mediator in its
pathogenesis. DJ-1, the product of the causative gene of a familial form of PD, plays a significant role in anti-oxidative defence to protect cells
from oxidative stress. DJ-1 undergoes preferential oxidation at the cysteine residue at position 106 (Cys-106) under oxidative stress. Here,
using specific antibodies against Cys-106-oxidized DJ-1 (oxDJ-1), it was found that the levels of oxDJ-1 in the erythrocytes of unmedicated PD
patients (n = 88) were higher than in those of medicated PD patients (n = 62) and healthy control subjects (n = 33). Elevated oxDJ-1 levels were
also observed in a non-human primate PD model. Biochemical analysis of oxDJ-1 in erythrocyte lysates showed that oxDJ-1 formed dimer and
polymer forms, and that the latter interacts with 20S proteasome. These results clearly indicate a biochemical alteration in the blood of PD
patients, which could be utilized as an early diagnosis marker for PD.
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BMC Neurol. 2016 May 12;16(1):66. doi: 10.1186/s12883-016-0589-0.
A randomized double-blind multi-center trial of hydrogen water for Parkinson's disease: protocol and baseline

characteristics. IN—F Y EICR L TIThN - KRELGZ

. . - . - = fA S N =
Yoritaka A1'2, Abe T3, Ohtsuka C4, Maeda T5, Hirayama MS, Watanabe H7, Saiki HB, Oyama Gg, Fukae J1°, Shimo Yg, Hatano Tg, Kawaijiri Sﬂ, Okuma Y11, E =] *ﬁﬁi\:ﬁﬁf;ﬁyﬂ 'Iﬂi&ﬁ& EE
Machida Y2, Miwa H'2, Suzuki C'3, Kazama A™4, Tomiyama M5, Kihara T'%, Hirasawa M7, Shimura H'8, Hattori N°.
4+ Author information
H, 5SmM&H D KFEIKE1L/day 8weeks
Abstract B

BACKGROUND: Our previous randomized double-blind study showed that drinking hydrogen (H2) water for 48 weeks significantly improved the =
=\
total Unified Parkinson's Disease Rating Scale (UPDRS) score of Parkinson's disease (PD) patients treated with levodopa. We aim to confirm this E:Hﬂﬁ

result using a randomized double-blind placebo-controlled multi-center trial. UPDRS (unified Parkinson‘s disease rating scale)
METHODS: Changes in the total UPDRS scores from baseline to the 8(th), 24(th), 48(th), and 72(nd) weeks, and after the 8(th) week, will be [ZHL \’C;‘j%éﬁﬁgﬁ

evaluated. The primary endpoint of the efficacy of this treatment in PD is the change in the total UPDRS score from baseline to the 72(nd) week.
The changes in UPDRS part Il, UPDRS part Ill, each UPDRS score, PD Questionnaire-39 (PDQ-39), and the modified Hoehn and Yahr stage at

—_ o K S L=
these same time-points, as well as the duration until the protocol is finished because additional levodopa is required or until the disease 7}(%1&5‘ ' sc): U </ \—#—)‘j)fﬁ? 0) JE{T%H“ ﬁ%”
progresses, will also be analyzed. Adverse events and screening laboratory studies will also be examined. Participants in the hydrogen water Laé

group will drink 1000 mL/day of H2 water, and those in the placebo water group will drink normal water. One-hundred-and-seventy-eight
participants with PD (89 women, 89 men; mean age: 64.2 [SD 9.2] years, total UPDRS: 23.7 [11.8], with levodopa medication: 154 participants,
without levodopa medication: 24 participants; daily levodopa dose: 344.1 [202.8] mg, total levodopa equivalent dose: 592.0 [317.6] mg) were
enrolled in 14 hospitals and were randomized.



Clinical trials registered in Japan as of June, 2015

Clinical trials registered in Japan as of June, 2015

Med Gas Res. 2015; 5: 12.
Published online 2015 Oct 19

Date Disease Affiliation Status
7/16/2008 Interstitial cystitis Koshinkai Hosp. Finished[201]
8/21/2008 Impaired glucose tolerance and impaired fasting glycaemia Digestive tract internal medicine, Kyoto Prefectural University of Medicine Finished [236].
7/17/2009  Mild cognitive impairment Neuropsychiatry, Tsukuba Univ. Finished
1/11/2011  Chronic hemodialysis Nephrology, Fukushima Medical University Trial in progress
6/2/2011 Acute cerebral infarction Neurosurgery, Self Defense Medical College Calling for participants[106]
9/30/2011  Normal adults Faculty of Health Sciences, Kyorin Univ. Finished
12/4/2011  Acute myocardial infarction Cardiology, Keio Univ. Calling for participants
3/14/2012  Parkinson’s disease Neurology, Juntendo Univ. Finished [96]
10/16/2012 Multiple system atrophy, Progressive supranuclear palsy Neurology, Juntendo Univ. Trial in progress
2/13/2013  Parkinson’s disease Neurology, Juntendo Univ. Calling for participants
5/1/2013 Chronic obstructive pulmonary disease Respiratory Medicine, Juntendo Univ. Trial in progress
5/20/2013  Hepatitis and liver cirrhosis Gastroenterology and Hepatology, Okayama Univ. In preparation
11/22/2013 Post cardiac arrest syndrome Emergency and Critical care medicine, Keio Univ. Calling for participants
2/22/2014  Eye disease Ophthalmology, Nippon Medical school Finished
7/1/2014 Acute myocardial infarction Cardiology, National Center for Global Health and Medicine Calling for participants
7/29/2014  Subarachnoid hemorrhage Neurosurgery, Self Defense Medical College Calling for participants [113]
8/1/2014 Lung transplantation General thoracic surgery, Osaka Univ. Calling for participants
10/27/2014 Retinal artery occlusion Ophthalmology, Nippon Medical school Calling for participants
7/3/2015 Type 2 diabetes mellitus Tokyo Metropolitan Institute of Gerontology Calling for participants

The department names are shown if they are available in the UMIN clinical trial database
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Med Gas Res. 2015; 5: 12.
Published online 2015 Oct 19

Authors/Year Disease Sample Open-label (OL), double-blind (DB), or single- Hydrogen administration Summary of the outcome
size blind (SB)

Kajiyama et al. Diabetes mellitus type IT 30 DB ‘Water P! of fractions of low-density li in (LDL, and a glucose tolerance test.

236]/2008
Nakao et al. 2452010  Metabolic syndrome 20 OL Water Improvement of urinary markers for oxidative stress such as SOD and TBARS, and increase of high-density li in (HDL)-chol 1
Nakayama et al. Chronic renal failure 29 OL Dialysis ioration of hy ion and imp: of markers for oxidative stress and inflammation.

311]/2010
Ito et al. [223]/2011 Inflammatory and mitochondrial myopathies 31 OL/DB ‘Water OL: Improvement of the serum lactate/pyruvate ratio in mitochondrial myopathies and the serum matrix metalloproteinse-3 level in

polymyositis/dermatomyositis.

DB: Improvement of the serum lactate.

Kang et al. [281]/2011 Radiation-induced adverse effects for liver ~ 49 OL ‘Water Improvement of quality of life (QOL) scores during radiotherapy.
tumors Reduction of blood reactive oxygen metabolites and maintenance of blood oxidation potential.
Ishibashi et al. Rheumatoid arthritis 20 OL Water Improvement of disease activity score for rheumatoid arthritis (DAS28).
[218]/2012 Decrease of urinary 8-OHdG.
Aoki et al. [224]/2012 Muscle fatigue 10 DB ‘Water Improvement of muscle fatigue in young athletes
Lietal. [216]/2013 Pressure skin ulcer 22 OL ‘Water ‘Wound size reduction and early recovery from skin pressure ulcer.
Matsumoto et al. Interstitial cystitis 30 DB ‘Water No significant effect on symptoms.
[201)/2013 Reduction of the bladder pain score in 11 % of patients.
Nagatani et al. Cerebral ischemia 38 OL Intravenous infusion Confirmation of safety of intravenous H) infusion.
[106)/2013 Decrease of MDA-LDL, a serum marker for oxidative stress, in a subset of patients.
Shin et al. [45]/2013 UV-induced skin injury 28 OL Gas Prevention and modulation of UV-induced skin i ion, intrinsic skin aging, and photo aging process through reduction of MMP-1, IL-6, and IL-1b
mRNA expression.
Song et al. [243]/2013 Hyperlipidemia 20 OL ‘Water Decrease of total serum LDL. i in (apo) B100, and apoE
Xia et al. [179]/2013 Chronic hepatitis B 60 DB ‘Water Attenuation of oxidative stress
Yoritaka et al. [96]/2013  Parkinson disease 17 DB ‘Water Improvement of Total Unified Parkinson’s Disease Rating Scale (UPDRS) and exacerbation after termination of H) water.
Ishibashi et al. Rheumatoid arthritis 24 DB Intravenous saline infusion Improvement of DAS28.
(21912014 Decrease of serum IL-6, MMP3, CRP, and urinary 8-OHdG.
Ostojic et al. [225]/2014  Sports-related soft tissue injury 36 SB H2-rich tablets and topical H) ~ Decrease of plasma viscosity.
packs Faster recovery from soft tissue injury.
Ostojic et al. [250]/2014  Exercise-induced metabolic acidosis 52 DB ‘Water Increased blood alkalinity in physically active men.
Sakai et al. [230]/2014 Vascular endothelial function. 34 DB ‘Water Increased flow-mediated dilation of branchial artery, suggesting that H) can serve as a of function of
Song et al. [244]/2015 Hyperlipidemia 68 DB ‘Water Down-regulation of plasma levels of total cholesterol, and LDL-cholesterol, followed by increased plasma pre-p -HDL, apoM, and decreased plasma

oxidized-LDL, apoB100.
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Mechanisms of Action Involved in Ozone Therapy: Is healing induced via a mild oxidative stress?
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Abstract

The potential mechanisms of action of ozone therapy are reviewed in this paper. The therapeutic efficacy of ozone therapy may be partly
due the controlled and moderate oxidative stress produced by the reactions of ozone with several biological components. The line between
effectiveness and toxicity of ozone may be dependent on the strength of the oxidative stress. As with exercise, it is well known that
moderate exercise is good for health, whereas excessive exercise is not.Severe oxidative stress activates nuclear transcriptional factor
kappa B (NFkB), resulting in an inflammatory response and tissue injury via the production of COX2, PGEZ2, and cytokines. However,
moderate oxidative stress activates another nuclear transcriptional factor, nuclear factor-erythroid 2-related factor 2 (Nrf2). Nrf2 then
induces the transcription of antioxidant response elements (ARE). Transcription of ARE results in the production of numerous antioxidant
enzymes, such as SOD, GPx, glutathione-s-transferase(GSTr), catalase (CAT), heme-oxygenase-1 (HO-1), NADPH-quinone-
oxidoreductase (NQO-1), phase Il enzymes of drug metabolism and heat shock proteins (HSP). Both free antioxidants and anti-oxidative
enzymes not only protect cells from oxidation and inflammation but they may be able to reverse the chronic oxidative stress. Based on
these observations, ozone therapy may also activate Nrf2 via moderate oxidative stress, and suppress NFkB and inflammatory responses.
Furthermore, activation of Nrf2 results in protection against neurodegenerative diseases, such as Alzheimer's and Parkinson's diseases.
Mild immune responses are induced via other nuclear transcriptional factors, such as nuclear factor of activated T-cells (NFAT) and
activated protein-1 (AP-1).Additionally, the effectiveness of ozone therapy in vascular diseases may also be explained by the activation of
another nuclear transcriptional factor, hypoxia inducible factor-1a (HIF-1a), which is also induced via moderate oxidative stress. Recently
these concepts have become widely accepted. The versatility of ozone in treating vascular and degenerative diseases as well as skin
lesions, hernial disc and primary root carious lesions in children is emphasized. Further researches able to elucidate whether the
mechanisms of action of ozone therapy involve nuclear transcription factors, such as Nrf2, NFAT, AP-1, and HIF-1a are warranted.

PMID: 22185664 [PubMed] PMCID: PMC3298518  Free PMC Article
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Production and Excretion of Hi ydrogen Gas in Man
Michael D, Lovi, M.
N Engl J Med 1969; 281:122-127 | July 17, 1969 DOI: ﬂ] 056/NEJM196907172810303

1 snre: (e HOED
Abstract J MEDLA INTIS
Technics employing intestinal infusions of gas we® used to study H, Haume 1
production in the human intestine. The volume 001  in the bowel of 2
10 normal subjects varied from 0.06 to 29 ml. H groduction, which
averaged 0.24 mi per minute in the fasting state, Bharply increased =
after intestinal instilation of lactose to a mean pefk rate of 1.6 mi per o
minute. Ingestion of food also increased H, prodtbtion by seven-fold ?
t030-fold. In the normal intestine, more than 99 it cent of H,
production was colonic, but small-bowel productigh was increased in ¥
a patient with excessive numbers of small-bowel ffacteria. H, Schematle ot

production in man is primarily dependent upon tha delivery of ek RERTS
ingested, fermentable substrates to an abundant Mitestinal flora that be) \ N ﬁ >
normally is present only in the colon. I & L 7 [ l E I~

A mean of 14 per cent of the total H, production 'as excreted by the CLE AC

ARTICLE ACTIVITY

lungs, and rates of breath H, excretion and H, prgduction correlated 206 atclos have ieffmmtomm} =1

well (1= 0.94). Respratory Hy excretion can t;ertre be used as an i artcle % [ l ’}‘ ﬁ I i l' \ -

indicator of inestinal H; production. -~
N o
IR |~ =
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Eur Heart J. 2004 Jan;25(1):10-6.

Acarbose reduces the risk for myocardial it
long-term studies.

Hanefeld M", Cagatay M, Petrowitsch T, Neuser D, Petzinna D, Rupp M

in type 2 diabeti i t: is of seven

@ Author information

e A e e e - -
'AIMS: To assess f ireatment with tho alpha-glacosidase mibitor acarbose cam relice cardiovascular events in type 2 diabetic patients.
METHODS AND RESULTS: This meta-analysis included seven randomized, doute-blind, placebo-controlled acarbose studies with a
minimum treatment duration of 52 weeks. Type 2 diabetic patients valid for safety ffere randomized to either acarbose (n=1248) or placebo
(n=932). The primary outcome measure was the time to develop a cardiovascular [vent. Primary analysis was conducted using Cox
regression analysis. The effect of acarbose on metabolic parameters was also investigated. Acarbose therapy showed favourable trends
towards risk reduction for all selected cardiovascular event categories. The treatmiint significantly reduced the risk for "myocardial
infarction" (hazards ratio=0.36 [95% Cl 0.16-0.80], P=0.0120) and "any cardiovasdjiar event" (0.65 [95% Cl 0.48-0.88], P=0.0061).
Giycaemic control, rglyceride levels, body weight and systolc blood pressure alsgimproved signifiantly during acarbose treatment

CONCLUSION: Intervention with acarbose can prevent myocardial infarction and rrdiovasculardiseass in type 2 diabetic patients while
most of them are already on intensive concomitant cardiovascular medication. I
Comment in

No evidence for a reduction of myocardial infarctions by acarbose. [Eur Heart J. 2804]

PMID: 14683737 [PubMed - indexed for MEDLINE] ~ Free full text

KFBBR=RZKREDHFTERE?

2009: 7N R—ABEROFLSSHILDERE

J Cardiovase Pharmacol. 2009 Jul:54(1):25-30. doi: 10.1087/F f 0b013e318108b53.

Acarbose reduces my ial infarct siz' by p ing postp! i ia and hy y
radical pr ion and opening mi ial KATP in rabbits.

Minatoguchi S, Zhang Z, Bao N, Kobayashi H, Yasuda I\gasa M, Sumi S, Kawamura |, Yamada Y, Nishigaki K, Takemura G, Fujiwara T, Fuiiwara
H

% Author information 1

Abstract 1

recent large-scale clinical trial, STOP-NIDDM, showedgthat acarbose reduces the risk of myocardial infarction. We examined whether
acarbose reduces infarct size and i its

METHODS AND RESULTS: Rabbits were fed with 1 o"zﬂsﬁtﬂslﬂy.%nﬁc oW, 30 Mg acarbose per iy
Rabbits were assigned randomly to 1 of 4 groups: control (n = 10), acarbose (n = 10), acarbose + 5HD (n = 10, infravenous 5 mg/kg of 5
hydroxydecanoate), and 5HD (n = 10, intravenous 5 mg/kg of SHD). Rabbits then underwent 30 minutes of coronary occlusion followed by
48-hour reperfusion. Postprandial blood glucase levels were higher in the control group than in the acarbose group. The infarct size as a
percentage of the left ventricular area at risk was reduced significantly in the acarbose (19.4% +/- 2.3%) compared with the control groups
(42.8% +/- 5.4%). The infarct size-reducing effect of acarbose was abolished by SHD (43.4% +/- 4.7%). Myocardial interstitial 2,5-
dihydroxybenzoic acid levels, an indicator of hydroxyl radicals, increased during reperfusion after 30 minutes of ischemia, but this increase
was inhibited in the acarbose group. This was reversed by 5HD.

BACKGROUND: Acarbose, an antidiabetic drug, is a‘{alpha—g\ucos\dase inhibitor that can inhibit glucose absorption in the intestine. A

CONCLUSION: Acarbose reduces myocardial infarct size by opening mitochondrial KATP channels, which may be related to the
prevention of postprandial hyperglycemia and hydroxyl radical production.

PMID: 19487955 [PubMed - indexed for MEDLINE]

——————————— 70, OV

zols:7mwﬁ—x«:;éfyxf&ﬁﬁﬁamﬁu

Eur  Phamacol 2016 Sep 5,762:96-101.dof: 101016 iphar 2016.04.051. Epub 2015 Ml
ydrogen gas p ion is i with reduced interllukin-m mRNA in peripheral blood after a

single dose of acarbose in Japanese type 2 diabetic patien]

Tamasawa A", Mochizuki K2, Hariya N°, Saito M", Ishida H', Doguchi 8, Yanagiva $*, Osonoi T

Abstract 1
Acarbose, an a-glucosidase inhibitor, leads to the production of hydrogen gas|which reduces oxidative stress. In tis study, we examined
the effects of a single dose of acarbose immediately before a test meal on poFranma\ hydrogen gas in breath and peripheral blood

@ Author information

interleukin (IL)-18 mRNA expression in Japanese type 2 diabetic patients. Sixfen Japanese patients (14 men, 2 women) participated in
this study. The meanzstandard deviation age, hemoglobin Afc and body masdlindex were 52.1£15.4 years, 10.242.0%, and

19 days and underwent test meals at breakfast without (day
1) or with acarbose (day 2). We performed continuous glucose monitoring and measured hydrogen gas levels in breath, and peripheral
blood IL-18 mRNA levels before (Omin) and after the test meal (hydrogen gas: 60, 120, 180, and 300min; IL-1: 180min). The induction of
hydrogen gas production and the reduction in peripheral blood IL-1B mRNA after the test meal were ot significant between days 1
(without acarbose) and 2 (with acarbose). However, the changes in total hydrogen gas production from day 1 to day 2 were closely and
inversely associated with the changes in peripheral blood IL-1B mRNA levels. Our results suggest that an increase in hydrogen gas
production is inversely associated with a reduction of the peripheral blood IL-1B mRNA level after a single dose of acarbose in Japanese
type 2 diabetic patients.

Copyright © 2015 Elsevier B.V. All rights reserved.




KAFELE KR (DFRKR) OERRBITEER

E+7hHILER—X —=

(BBRHE)
s KEBEEERICKDKEHADHEAE(1969)

BRI J 2004
AUGATS skanﬁyb\eo)w:(fmﬁzﬁ(wsg) — AFAER 2009

FESA R /R I & 5 HEitH(1969)



KEFOCK)ET L5

1 10 20 28
GSSFLSPEHQRVQQRKESKKPPAKLQPR

o +
H
O=C-(CH2)6-CHs # 75> B
o
H
Hz20
(+) l\)
'J'E.‘Hg 1 28
= GSSFLSPEHQRVQQRKESKKPPAKLQPR
o)

7}(% ? i O0=C- (CH2)6-CHs
X/A-likeflifd —— JL)> «—— LIFY «— i

t) *ﬁ%ﬁﬁ
B
7‘|~“7¥J§%§ Efﬁ,%;"‘ GHIEIN{E A
ket BRI
e REBMN/REMMEBRIER
22\ EME1E A
D E REER
R REEIER
PR AE/E A




SIADIRE
HRBALEA






RAKFZAADAMRE>MERZIT

WAH,EE :1~60%(0,:21%[XAHE)
mE(RE) 37C
IRAE :1~a(CPAP/[GEFERAE)
EAETE HAREEE $70m?

{

me /MR E & /MR RNERH,EE
SAFIRR AL ?
BBRICETAETOERMIE?

v HREE
Hz FEIE]EEF' WEG)GO%
‘1' HRRMNE :40%
H, — ) #HE® 115%
[ zfﬁmﬁﬂm ] m#E-1)>/\i%:4.5%
{ARRi% :0.5%




AN —DFEBIEMAIKEZED A

AU —DEA D BEREENICES
=IBRERICEEZLE, [BEMRTHER

B SEIE IR I’ 'T +
~ _ o +
G KEHZX(PHE)
- - J
| J
N2
KFRHF(5F)

METHAIKRAADI7UTILT—ILANFEEZTIL
DFRAKFELTHMHICRYRACLEAH D=V —DEE



350

300

250

200

150

100

50

0

I ERFE D KRR AIZDULNT

WMAH RS <FE : KFE:60% EEFE:30% KES:10%> + 5 &

ppM (FESHRhAKRRE)

X S ppm

/

/

/

/

y 4
6077 R A 37 KK B RIFRE

/

I AR 35 % 109 20514

REETMHRNoDERENTERED FZTF KRG DA LA




HREST



RR/RTA~NDKEAR TS

DFEADFET S8, TCITRIESN DT TIHAL

\/\,

BT RIEKE
H AR (7o TILT—ILA)

\_1_/\

KR/ EERANDILEL (D FIRKE) F81TER: 1.6ppm? » {£F

!

mA /2 INERATZITFZITER: 1.6ppm = {E A




DR FEAE

A—RAYE (CARBOMED™)

BT (BHE) IcREBHREEA
LS A DR .
- R E{E —

[2&2EEBROREIZHA T CArsomep

IO TR TARAAIC KA AN MBPOREFRE AMFEHE

REBOUBAAEEA MHEEE BB GEALL EURZ TR
BAORESTVT

takasu.co.jp&kY




KEF(HR)F5

B|EH,HX
IRORRHREE :>99.999%
REHFREE © 99.9999%
RE - 0%
FIEE : 0~100kPa
5= : Xml

- FEHE (< & SRR/ AB RO 1815
BRI 5§

OW= ==» NFKBY > COX2{ v RIEL

A s

P TNFo/IL-1 4.




RIE LR =R

RIE R G
CD40/RANK
34

No- g Nrf2

2000 4000 6000 8000



B & AE 5

EmEMORER

BAETEE N~ DEFR100%KEHREE
(BEETNRAEZRA DR S )
N2
BHEN R/ IB R~ DIBR
EEa~DEH
N2
RAEER R/ E B REN

SFEARE—FNEE !
RBEEEARICESER



1 B2 IR AR A
A /54




i B2 I 4R
5B/ A

JURRE TR, B FRAIZELT
KICERBRR/BELEIKRSFIETEB HELTLSORERHELGN

AR H, HzﬁZ ozﬁz
1l

ARrEREA

e



ANBIZEDIRRNKFRH AEHE

ABIZEEFERH AP KRIEEEL

pPPmM

20

18

16 \

7
KFEAH N

14 / \\
/ -
12
control \
 —
10
after 10 20 30
before

(15) min



SRDRE
L85 AR5 R

FERHEKEIRENSEZDE,. SHICERAR?
SEEICEEEZREG

2:Drug Delivery (YR F74&)

FERWVLEBRAE—FOarrO—)LiklE?

AR~ DHLERIL ?

3: 258 (B AL DIRE

MREICHELTREL?

PAGEICHELZAREIX?

4: R IR RIZE 1T BKFFT/INTILDOER

F/N\TILDOEREIF?
WDFI/INTIL(EBEFRF/INTIVIAToF /I TIL)EDE N ?



thank you !



